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Abstract. ATLAS and CMS have observed a flavor violating decay of the Higgs to muon and
tau. The fact that flavour violating couplings of the Higgs boson are exactly zero in the Standard
Model suggests the mixing of the Higgs with another scalar with flavour violating couplings. We
use the flavon field from the Froggatt-Nielsen mechanism, responsible for generating the lepton
Yukawa matrices, for this purpose. The parameter space is constrained from experimental
bounds on charged lepton flavor violation in other processes, however, we show that a substantial
region of parameter space survives these bounds while producing a large enough Br(h→ µτ).
1. Introduction
Fermion Yukawa couplings in the Standard Model (SM) are free parameters and there is no
explanation for the hierarchy among the fermion masses within the SM. A popular Beyond
Standard Model (BSM) framework that naturally generates the SM fermion Yukawa couplings
was suggested by Froggatt and Nielsen [1].
Lepton Flavour Violating (LFV) couplings of the Higgs boson are zero in the SM, however,
ATLAS and CMS experiments have reported on a LFV decay of the observed boson [2, 3]1 at
the LHC with the combined branching ratio
Br(h→ µτ) = 0.82+0.33−0.32. (1)
Recent results from the LHC [4] has reduced this value to 0.55+0.28−0.28.
In a recent paper [5], we aimed at explaining LFV decays of the Higgs by employing the
Froggatt-Nielsen mechanism. This mechanism requires the addition of a scalar field, flavon,
singlet under the SM gauge group, charged under an extra U(1)-symmetry which breaks
spontaneously due to the flavon field acquiring a Vacuum Expectation Value (VEV) which
then generates the SM Yukawa matrices through higher order operators. The Higgs boson then
acquires LFV couplings through mixing with the flavon.
The resulting mass eigenstates could then mediate LFV processes which are constrained by
experimental data and exclude regions of the parameter space. We show that it is possible to
acquire a large enough Br(h→ µτ) in the surviving regions of the parameter space of the model.
2. The Froggatt-Nielsen framework
In the Froggatt-Nielsen mechanism the SM Yukawa interaction are generated through higher
order operators which are obtained by integrating out heavy states at some scale Λ. Such
1 The process h→ lilj is assumed to be the sum of h→ l+i l−j and h→ l−i l+j .
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Particle f cL,i fR,i H Φ
U(1) charge qL¯,i qR,i qh qφ
Table 1: The U(1) charges of SM fermions fR,L, SM Higgs field H and the flavon Φ.
operators which are invariant under a U(1) symmetry are of the form
cij
Φnij
Λnij
f¯L,ifR,j H + h.c. , (2)
where cij are order one coefficients, fL,R are SM fermions and Φ is the flavon which acquires a
VEV,
Φ =
1√
2
(vφ + φ) (3)
with φ = Reφ+ iImφ. The Yukawa couplings are then given by
Yij = cij
(
vφ√
2Λ
)nij
≡ cij nij , (4)
where  is a small parameter. The U(1) symmetry requires
nij = − 1
qφ
(qL¯,i + qR,j + qh) , (5)
where qi are the charges identified in Table 1.
In principle, one can introduce several flavons each responsible for describing the hierarchy
of the masses in the quark, charged and neutral lepton sectors. Here, we focus on the leptonic
sector and allow for only the flavon and the leptons to transform under the U(1) symmetry. As
a result, after the Higgs doublet acquires a VEV,
H =
(
0
v+h√
2
)
(6)
the effective Lagrangian takes the form
Leff ⊃ v√
2
Yij
(
1 +
h
v
+ nij
φ
vφ
)
l¯′L,il
′
R,j . (7)
Here, l′ stands for the lepton fields in the weak basis and l for the mass eigenstate basis.
Rotating the lepton fields from gauge eigenstates to the mass eigenstates requires diagonalising
the lepton Yukawa matrix which is done using two unitary matrices:
Ydiag = ULY U
†
R. (8)
The effective Lagrangian then becomes
Leff ⊃ v√
2
l¯L Ydiag lR +
h√
2
l¯L Ydiag lR +
φ√
2
v
vφ
l¯L κ lR + h.c., (9)
where the flavon vertex involves the matrix
κ = UL (Yijnij) U
†
R , (10)
with nij = ai + bj . Setting qΦ = −1 and qh = 0 throughout this paper, we have
κij = yj
3∑
k=1
qL¯,k(UL)ik(UL)
∗
jk + yi
3∑
k=1
qR,k(UR)ik(UR)
∗
jk , (11)
where yi are the Yukawa matrix eigenvalues. This is the source of lepton flavor violation in
our model. Upon the Higgs–flavon mixing, such flavor changing couplings also appear in the
interactions of the physical Higgs–like boson.
2.1. The scalar potential
The U(1)-symmetric scalar potential is of the form
V (H,Φ) = −µ2h(H†H) + λh(H†H)2 − µ2φ(Φ†Φ) + λφ(Φ†Φ)2 + λhφ(H†H)(Φ†Φ) . (12)
The minimisation conditions lead to the following mass eigenstates H1 and H2 which are rotated
by the following matrix (
H1
H2
)
≡
(
cos θ sin θ
− sin θ cos θ
)(
h
Reφ
)
(13)
where the mixing angle is defined as
tan 2θ =
λhφvhvφ
λhv
2
h − λφv2φ
(14)
and is constrained by theoretical and experimental data, reviewed and summarised for Higgs-
portal models in [6] which are taken into account in our calculations. The masses of H1 and H2
are as follows
m2H1,2 = λhv
2
h + λφv
2
φ ±
√(
λhv
2
h − λφv2φ
)2
+ λ2hφv
2
hv
2
φ (15)
where we take the lighter boson, H1, to be the SM-like Higgs boson, the observed scalar at the
LHC with mass 125 GeV.
In the case of a global U(1) symmetry which is broken by the flavon VEV, the model predicts
a massless Goldstone boson which is phenomenologically unacceptable. In the case of a gauged
U(1) symmetry, we find that due to tight constraints on a flavor non-universal Z ′, the model
does not lead to a large enough Br(h → µτ). Here, we assume a discretized U(1) → ZN
by introducing a soft explicit breaking term m˜2Φ2 + h.c. which induces mImφ ∼ m˜. Note that
our approach is one of an effective field theory and while tree level processes are well under
control, the loop contributions are only indicative in nature and depend on the details of the
UV completion.
Observable Present limit
1 BR(µ→ eee) 1.0× 10−12 [7]
2 BR(τ → eee) 3.0× 10−8 [8]
3 BR(τ → µµµ) 2.0× 10−8 [8]
4 BR(τ− → µ−e+e−) 1.7× 10−8 [9]
5 BR(τ− → e−µ+µ−) 2.7× 10−8 [9]
6 BR(τ− → e+µ−µ−) 1.7× 10−8 [9]
7 BR(τ− → µ+e−e−) 1.5× 10−8 [9]
8 BR(µ→ eγ) 5.7× 10−13 [10]
9 BR(τ → µγ) 4.4× 10−8 [8]
10 BR(τ → eγ) 3.3× 10−8 [8]
11 CR(µ-e,Au) 7.0× 10−13 [11]
Table 2: Current experimental bounds on the branching ratios of three–body LFV decays,
magnetic transitions and the conversion rate of µ→ e.
Particle ecL eR µ
c
L µR τ
c
L τR H φ
Charge 6 0 4 0 2 1 0 -1
Table 3: U(1)/ZN charge assignment.
3. Bounds on lepton flavor violating processes
The flavon interaction in equation (9) induces LFV processes mediated by the three scalar mass
eigenstates which are strongly constrained by experiment. We impose the current bounds from
the three–body decay li → ljlkll, magnetic transition li → ljγ and µ → e conversion processes
presented in Table 2 which put limits on the flavon couplings parametrized by
κ˜ij =
1√
2
v
vφ
κij , (16)
where the flavon–lepton coupling is κ˜ij l¯L,i lR,jφ+ h.c.
We assign charges listed in Table 3 to produce the following Yukawa texture and κ˜ matrix
Y =
 3.4 6 −0.6 6 3.5 75.4 4 6.1 4 −3.1 5
0.5 2 0.5 2 7.3 3
 , κ˜ = v
vφ
 1× 10−5 −1× 10−6 −3× 10−6−2× 10−5 2× 10−3 6× 10−4
3× 10−4 −4× 10−3 2× 10−2
 ,
which reproduces the correct lepton masses for  = 0.1 and the shown order one coefficients
(their precise values are given in [5]).
3.1. Negligible Higgs–flavon mixing
It is instructive to consider a scenario where the Higgs-flavon mixing is close to zero in which
case only Reφ and Imφ mediate the LFV processes. To make the discussion clearer, we also
decouple the Imφ in this sub-section.
κ˜ji
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µ τ τ e
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Figure 1: The li → ljlkll (left), µ↔ e-conversion (center) and li → ljγ (right) processes
mediated by the flavon φ. The decay li → ljlkll also receives important contributions at one
loop.
We have taken into account all processes represented in Fig. 1 at tree and loop level. Here,
we only show the details of the µ→ eγ process which puts the strongest bounds on the model.
Neglecting the light lepton contributions, we find
Γ(µ→ eγ) = αm
3
µm
2
τ
1024pi4
|κ˜eτ |2|κ˜τµ|2 + |κ˜τe|2|κ˜µτ |2
m4Reφ
[
3
2
− log
(
m2φ
m2τ
)]2
, (17)
The invariant amplitude ALµ→eγ is
ALµ→eγ = −
ie
32pi2
κ˜∗τeκ˜
∗
µτ
[
3
2
− log
(
m2φ
m2τ
)]
mτ
m2φ
(18)
and the corresponding equation for AR is obtained by replacing κ˜ij with κ˜
∗
ji.
Figure 2 shows the allowed values of vφ vs mφ after imposing the µ→ eγ bounds.
Figure 2: Allowed parameter space (shaded) for the texture at hand (Eq.17) with negligible
Higgs-flavon mixing. The strongest constraint is imposed by Br(µ→ eγ).
3.2. Substantial Higgs–flavon mixing
In the case of non-zero Higgs-flavon mixing, all three scalar mass eigenstates, H1, H2 and Imφ,
mediate LFV processes. The relevant interaction terms are
L ⊃
[
cos θ
Y diagij√
2
+ sin θ κ˜ij
]
l¯iPRlj H1 +
[
− sin θ Y
diag
ij√
2
+ cos θ κ˜ij
]
l¯iPRlj H2
+ iκ˜ij l¯iPRlj Imφ+ h.c. (19)
The couplings of H1, H2 to quarks are flavor–diagonal and are rescaled compared to the
corresponding SM couplings by cos θ and − sin θ, respectively.
Note that in this case due to the couplings of H1 and H2 to quarks, the µ ↔ e conversion
process is possible at tree level and the µ → eγ processes gets significant contributions from
2–loop Barr-Zee diagrams with the top quark and the W in the loop.
Again, the most limiting constraints comes from the µ→ eγ process with the 1– and 2–loop
contributions to the amplitude
ALµ→eγ = A
L
µ→eγ(1− loop) +ALµ→eγ(2− loop) . (20)
At one loop we have
ALµ→eγ(1− loop) = −
iemτ
32pi2
κ˜∗τeκ˜
∗
µτ
{
sin2 θ
m2H1
[
3
2
− log
(
m2H1
m2τ
)]
(21)
+
cos2 θ
m2H2
[
3
2
− log
(
m2H2
m2τ
)]
− 1
m2Imφ
[
3
2
− log
(
m2Imφ
m2τ
)]}
.
The 2–loop amplitude receives contributions from the top quark and the W boson [12],
ALµ→eγ(2− loop) = ALt +ALW , (22)
with
ALt = −i
eαvGF
6
√
2pi3
sin θ cos θ κ˜∗µe [f(ztH1)− f(ztH2)] , (23)
and
ALW = i
eαvGF
16
√
2pi3
sin θ cos θ κ˜∗µe (24)
×
{[
3f(zWH1) + 5g(zWH1) +
3
4
g(zWH1) +
3
4
h(zWH1) +
f(zWH1)− g(zWH1)
2zWH1
]
−
[
3f(zWH2) + 5g(zWH2) +
3
4
g(zWH2) +
3
4
h(zWH2) +
f(zWH2)− g(zWH2)
2zWH2
]}
.
Here the loop functions are:
f(z) =
1
2
z
∫ 1
0
dx
1− 2x(1− x)
x(1− x)− z log
(
x(1− x)
z
)
, (25)
g(z) =
1
2
z
∫ 1
0
dx
1
x(1− x)− z log
(
x(1− x)
z
)
, (26)
h(z) = z2
∂
∂z
(
g(z)
z
)
=
z
2
∫ 1
0
dx
z − x(1− x)
[
1 +
z
z − x(1− x) log
(
x(1− x)
z
)]
. (27)
The arguments of these functions are defined by ztHi = m
2
t /m
2
Hi
and zWHi = m
2
W /m
2
Hi
, with
i = 1, 2. The ARµ→eγ(2 − loop) amplitude is obtained by replacing κ˜∗ji with κ˜ij . The µ → eγ
decay width is then calculated to be
Γ(µ→ eγ) = m
3
µ
4pi
(|AL|2 + |AR|2) . (28)
In Fig. 3 (left) we show the surviving region in the (vφ, sin θ) plane after imposing these LFV
bounds for and exemplary value of mH2 = 500 GeV.
Figure 3: Left: parameter space allowed by the LFV constraints for mImφ = 100, 150, 200
GeV. We have set mH2 = 500 GeV. (The discontinuities appear for technical reasons.) Right:
BReff(H1 → µτ) as a function of vφ and | sin θ|.
We see that for | sin θ| ' 0.3 and vφ ∼ 100 GeV the model survives the LFV bounds for a
range of mImφ around 150-200 GeV. Note that direct collider constraints on Imφ are very loose
due to its small couplings to leptons. Fig. 3 (right) then shows that one expects a substantial
decay rate H1 → µτ for vφ ∼ 100 GeV.
It is important to note that such a scenario also leads to the enhancement of the lepton
diagonal couplings of Higgs which are constrained by the LHC data. We choose sin θ < 0 which
leads to some cancellations in H1 → lili for our Yukawa texture. We have
Γ(H1 → µτ) = mH1
8pi
sin2 θ
(|κ˜µτ |2 + |κ˜τµ|2) (29)
Γ(H1 → ττ) = mH1
8pi
[
cos θ
Y diagτ√
2
+ sin θ κ˜ττ
]2
, (30)
and analogously for H1 → µµ. In our convention, a negative θ reduces Γ(H1 → ττ) without
affecting the LFV rates.
Lastlly, to incorporate the difference between the H1 and h production cross sections, we
introduce the effective branching ratio Breff(H1 → lilj) through
σ(H1) Br(H1 → lilj) = σ(h) Γ(H1 → lilj)
ΓtotalSM (h)
≡ σ(h) Breff(H1 → lilj) , (31)
and apply the LHC result in equation (1) to this effective branching ratio. We show our results in
Fig. 4 where all of the constraints are satisfied and the observed BReff(H1 → µτ) for sin θ = −0.3
is presented.
Figure 4: Breff(H1 → µτ) vs vφ (black curve) for sin θ = −0.3. The red region is allowed by
Breff(H1 → µµ) at 95% CL, the blue region is allowed by Breff(H1 → ττ), while their overlap
(purple) is consistent with both. The dashed lines show the ±1σ limits on the observed
Breff(H1 → µτ).
4. Conclusion
We have employed a lepton–specific Froggatt–Nielsen framework which naturally generates the
lepton Yukawa couplings and leads to lepton flavor violation at the observable level. The flavon
predicted by this mechanism mixes with the SM Higgs boson and introduces a h → µτ decay
channel with the branching ratio at the percent level with a flavon VEV at the electroweak scale.
We have found this scenario to be consistent with the LFV and Higgs data constraints.
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